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Bollworm and Tobacco Budworm
As Cotton Pests in Louisiana and Arkansas'''
James R. Brazzel^ Charles Lincoln*
L. D. Newsoms F. J. Williams*
John S. Roussel^ Gordon Barnes*
Iiitroductiou
Bollworms are important pests of cotton in Louisiana and Arkansas,
outranked only by the boll weevil. Prior to 1949 the bollworm, Heliothis
armigera (Hbn.), was regarded as the only species of importance on cot-
ton. Since that time the tobacco budworm, H. virescens (F.), has been
found attacking cotton in large numbers, especially in the early part
of
the fruiting period.
Much "is known of host relationships, causes of outbreaks on cotton
and other crops, natural control and insecticidal control of the bollworm.
Comparatively little of such information is available on the tobacco bud-
worm.
Research in both states was carried on to assess the relative import-
ance of the two species and to obtain information on host relationships,
causes of outbreaks and methods of controlling the tobacco budworm.
Efforts were also directed toward finding an explanation for the sudden
rise of the tobacco budworm to the status of a serious cotton pest. Lack-
ing such information, it cannot be assumed that outbreaks of this species
arise from the same causes and are controlled in the same manner as the
bollworm. A third species, H. sitbflexa (Gn.), was also studied because of
its close resemblance to the tobacco budworm.
Common Names
Heliothis armigera bears the common name of bollworm, corn ear-
worm and tomato fruitworm approved by the American Association of
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Station is gratefully acknowledged.
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Economic Entomologists. When found on tobacco it is commonly called
the false tobacco budworm but this name has not been approved. In this
bulletin H. armigera will be referred to as the bollworm.
Heliothis virescens bears the approved common name of tobacco
budworm. It will be referred to as such throughout this bulletin al-
though It IS being considered as a cotton pest which causes damage
practically identical to that caused by the bollworm.
In discussing outbreaks on cotton the term bollworm will be used
although it is recognized that both species have been involved to some
extent.
The third species studied, Heliothis subflexa, has no common name.
Since it is not a crop pest, none is needed.
Partial Review of Literature
The bollworm has been recognized as a cotton pest since 1820 It is
a general feeder and is known to attack more than 70 species of plants
(Quaintance and Brues, 1905). According to Isely (1935) corn is the most
favorable host in Arkansas, and a succession of plantings of corn is favor-
able to the abundance of the species. He also found that legumes grown
in combination with corn extended the breeding season of the bollworm
Bollworm moths choose succulent, rank-growing cotton for oviposi-
tion rather than less vigorous growth (Thomas and Dunnam, 1931).
Bollworm outbreaks in cotton appear to be favored by the absence of
silking corn, high aphid populations and hot, dry weather which shortens
the silking period of corn. Early corn builds up populations of moths that
may migrate to cotton but later plantings of corn can be used as a trap
crop (Lincoln and Isely, 1947).
More eggs and larger larval populations of bollworms were fre-
quently found on plots dusted with arsenicals than on undusted check
plots (Ewing and Ivy, 1943). They listed 12 species of predaceous insects
commonly found on cotton that were able to survive on bollworm eggs.
Increases in bollworm infestations were frequently associated with "in-
creased aphid populations after cotton had been dusted with arsenicals.
Their laboratory and field cage tests showed that larger numbers of boll-
worm eggs hatched and more larvae survived when aphids were abundant
than when aphids were absent.
The new organic insecticides such as BHC, DDT and toxaphene des-
troyed more of the predator populations, especially those with sucking
mouthparts such as the big-eyed bug, Geocoris punctipes (Say), and the
insidious flower bug, Orius insidiosus (Say), than calcium arsenate The
widespread use of these insecticides has resulted in the occurrence of more
frequent bollworm outbreaks in recent years (Newsom and Smith, 1949)
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The tobacco budworm is a tobacco pest of long standing. According
to Morgan and Chamberlin (1927) tobacco and beggar weeds, Meibomia
spp., are the principal hosts in Florida. Tomatoes, garden peas and sweet
peas were of secondary importance.
In 1934 at Tallulah, Louisiana, the tobacco budworm occurred on
cotton in almost as great numbers as the bollworm (Folsom, 1936). It at-
tacked the plant in the same manner as the bollworm but preferred
squares to bolls and ate leaves more freely. He suggested that much of
the damage attributed to the bollworm could be caused by the tobacco
budworm.
There seems to be no authentic earlier record than Folsom's of the
occurrence of the tobacco budworm on cotton in the United States.
Riley (1885) identified 25 pupae dug from a cotton field at Cairo,
Georgia, in February 1879 as Heliothis (Aspila) virescens. Because of the
difficulty of identifying species from pupae this record cannot be ac-
cepted as a positive one. Howard (1900) states, "the insect has several
other foodplants aside from cotton " From the context it appears that
he meant tobacco and not cotton.
The tobacco budworm attracted wide attention as a cotton pest in
1949 and each year since. It was usually more numerous early in the
season on cotton, and the bollworm became more numerous later in the
season (Conference Report, 1952).
Larval characters by which the bollworm could be distinguished from
the tobacco budworm were described by Crumb (1926).
HeUothis siibflexa was described by Guenee in 1852 but was rele-
gated to the status of a variety or geographical race of the tobacco bud-
worm in 1903, according to McElvare (1941), who restored this species
to specific rank.
Heli ;this as Cotton Pests in Other Countries
Host relationships of the bollworm and tobacco budworm vary
greatly in different covm tries. According to Wolcott (1933) both species
occur throughout the West Indies. The bollworm is common on corn and
also attacks cotton throughout the islands. It is a pest of tobacco in
Jamaica but not elsewhere. The tobacco budworm is common on pigeon
pea throughout the islands. It occasionally attacks cotton. In Cuba it is a
pest of tobacco.
The bollworm is never found on cotton in Peru but is abundant on
corn. The tobacco budworm is a major cotton pest there and also attacks
corn as well as a variety of other plants (Hambletoh, 1944; Wille, 1951;
and Lincoln, unpublished).
The differences in food habits in the bollworm and tobacco budworm
in the West Indies, Peru and the United States indicate the existence of
biological races of both species. Knowledge of host relationships in one
area is of little value in interpi-eting the relationship in another area.
Character of Injury
Damage to cotton by the two species of Heliothis cannot be dis-
tinguished. The tobacco budworm tends to feed more readily on foliage
but this is not a dependable character for separating injury caused by the
two species.
Eggs of both species are laid on terminal growth and fruiting forms.
Upon hatching, the young larva tunnels through leaf buds and tiny
squares. These small squares turn brown (blast) and may be mistaken
for fleahopper injury. Close inspection will reveal the entrance hole into
the square through the bract. The small larva leaves a trail of fine web-
bing in the terminal growth. Its feces are usually entangled in this web.
The larva next feeds on medium sized squares, making entrance holes
about the diameter of baling wire or larger. Usually only one hole is
made to the square. Injured squares turn yellow, flare and fall from the
plant. The characteristic type of entrance hole makes it easy to distinguish
bollworm damage from that caused by the boll weevil.
The large larva usually feeds on bolls if they are available. It also
feeds on pollen in open blooms. Entrance holes in the boll are about half
the diameter of a lead pencil. The entire contents of a boll are some-
times consumed. Boll rots usually follow bollworm attack so that a
damaged boll is usually a total loss.
In its journey down a cotton stalk one larva may destroy several
fruiting forms.
On other plants both species tend to tunnel in the fruit or tender
terminal growth. Tender foliage may be attacked in the absence of fruit.
When feeding exposed on foliage larvae are susceptible to attack by
parasites and predators and are more easily controlled by insecticides.
Host Plants
During the period August 1949 to May 1953, 11,753 Heliothis larvae
were collected from 25 host plants in Louisiana and Arkansas. Distribu-
tion of the three species on the various hosts is presented in Table 1.
The bollworm was the only species collected from corn, grain sor-
ghum and lima beans. It was also the only species taken from cowpeas,
snap beans, chrysanthemum. Hibiscus rosa-sinensis, vetch, crotalaria,
Korean lespedeza and bur clover; however, only a few specimens were
taken from each of these hosts. The bollworm was the dominant species
on tomato, soybean, alfalfa, white clover, rose, Sida spinosa and lupine,
var. Hasting's white, although a few tobacco budworm larvae were taken
from each of these. Five other varieties of lupine, including sweet blue,
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TABLE 1—Field Collections of Heliothis Larvae from Several Hosts in Louisiana and
Arkansas.
Number larvae collected
Host H. armigera H. virescens
La. Ark. La. Ark.
LjOttOii, Aug. 1949 53 6
Cotton Sept. 1949 237 20 59 0
Cotton Oct. 1949 73 34
Cotton Dec. 1950 12 1
Cotton Aug. 15-Oct. 2, 1951 200 28 109 16
Cotton June-July 1952 65 54 630* 47
Cotton Aug.-Sept. 1952 1195 264 66 49
Com May 8-Aug. 28, 1952 2016 662 0 0
Gr3.in sorg'iii.im Aug.-Sept. 1951 & 1952 247 176 0 0
Toni3,to June-July 1952 28 1
Tot)3.CCO May-Aug. 1952 0 0 42 5
Tobscco May 1953 7 86
Soybean July-Sept. 1952 52 260 0 9
Lims. bcsn Aug.-Sept. 1952 2 26 0 0
Cowpcs. Sept. 1952 6 0
0Sn3.p bc^n Oct. 1952 1
Alf:ilfn May-Nov. 1952 1253 19 2 0
A Ifnlfii/YlldlLd. April 1953 12 0
Lupine, V3.r.
Hasting s white** Anril 105'' 265 0
LiipmCj V3.r.
T-Ioct 1 n rr'c TAjViifAin.(l9llll^ a WlliLC April 1953 1912 9
April-May 1952 378 356
April 1953 147 7
VV IllLC 1,1UVC1 April-May 1952 54 1
\A7Ti fff* rlnvpT*VVllilC l-lUVCl April 1953 4 2
Bur clover March-April 1949 7 0
Bur clover-red clover mixtUTG June 1952 9 1
Htiiry vetch Feb. -April 1952 9 1
Crot3.l3.r12 Sept. 1952 10 0
Koresn lespedeza Sept. 1952 1 0
Rose Sept. 1952 78 1
Chrysanthemum Sept. 1952 3 0
Snapdragon April 1953 0 59
Hibiscus rosa-sinensis Sept. 1952 16 0
Jacquemontia tamnifoh'a Sept.-Oct 1951, 1952 42 58
Sida spinosa Sept. 1951 49 1
Abutilon Tkeophrasti Sept. 1952 3 8
Phvsalis sp. *** Oct. -Nov. 1951, 1952 0 0
* In Louisiana relatively large numbers of H. virescens were obtained by rearing larvae
from eggs collected in June.
** Five other varieties of lupine planted in randomized blocks with Hasting's white lupine
were not infested.
*** A total of 132 larvae was collected. All were Heliothis subflexa.
alta blue, Florida speckled, common blue and white-seed yellow, planted
in randomized blocks with Hasting's white were not infested by either
species.
The tobacco budworm was the only species collected from tobacco in
1952, but a few bollworm larvae were taken on this host during 1953.
Crimson clover and a morning glory, Jacquemontia tamnifolia, were in-
fested about equally by the bollworm and tobacco budworm. Eight of 1
1
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specimens from button weed, Abutilon Theophrasti, were the tobacco
budworm. Fifty-nine specimens from snapdragon in April 1953 were this
species.
Of 3218 specimens collected from cotton 2201 were bollworms and
1017 tobacco budworms. In both states the bollworm was the dominant
species after August 1, comprising 80 per cent of the population in 1949,
87 23er cent in 1951 and 93 per cent in 1952. In June and July 1952 the
tobacco budworm made up 91 per cent of the population in Louisiana.
Many of these specimens were obtained by rearing larvae from eggs col-
lected from cotton. In Arkansas during June and July a few more boll-
worriis than tobacco budworms were collected.
Heliothis subflexa was found only on ground cherry, Physalis sp.
Neither the bollworm nor the tobacco budworm was collected from this
host. Ground cherry has been reported as a host for all three species,
but some of these reports may have resulted from confusion with H. sub-
flexa, especially in the case of the tobacco budworm.
Results of these collections generally confirm those of other workers
insofar as the bollworm is concerned. A variety of winter legumes and
pasture clovers serve as hosts for the first generation. Corn is the pre-
ferred summer host but cotton, soybean, grain sorghum, lima bean and
others are suitable alternatives. Alfalfa is a satisfactory host which is
available over a long period of time.
The tobacco budworm was found to have a more restricted host
range. Although occasionally found on several hosts, the most important
ones seem to be cotton, crimson clover, Jacquemontia tamnifolia and
tobacco. Cotton is the important summer host in Louisiana and Arkan-
sas. Tobacco acreage is so restricted in these states that it does not
affect the over-all abundance of this imtct.Jacquemontia tamnifolia is
a late season host and serves to extend the breeding season. Crimson
clover is an important host before cotton becomes available. Button-
weed might be of considerable importance because it is a common
weed, but collections from this host were too limited to give a true
picture.
The most thorough previous host plant study of the tobacco bud-
worm was that by Barber (1937) in eastern Georgia. He found Florida
beggar weed, Meibomia purpurea, toadflax, Linaria canadensis, and
deergrass, RJiexia alifanus, to be the most important wild hosts. Flax
and tobacco were the most important cultivated hosts but were less at-
tractive than the favorite wild hosts. A total of 14 wild hosts was re-
corded.
In this same study by Barber the bollworm was found on 7 wild and
11 cultivated host plants and was more closely associated with the cul-
10
tivated than the wild hosts. The most important cultivated hosts were
corn, soybean, flax and tobacco. Cotton was not attacked by either
species. The tobacco budworm was found to be fully as abundant during
a given season as was the bollworm even though not feeding on any
cultivated crop.
Tobacco and beggar weed, Meibomia spp., were listed by Morgan
and Chamberlin (1927) as preferred hosts of the tobacco budworm in
Florida, with tomatoes, garden peas and sweet peas being of secondary
importance.
The difference in host relationships found by these workers and in
the present studies may be explained by regional differences in avail-
ability of wild and cultivated host plants. However, the possibility of
biological races should not be ignored.
Life History Studies
The life history of the bollworm in relation to cotton has been
studied by Quaintance and Brues (1905), Bishopp (1929) and Isely
(1935). Such studies of this species were not repeated here except when
incidental to other studies.
The incubation period of the tobacco budworm was 3 to 5 days
during hot weather. Larval development required 18 to 31 days in May
and June; and the pupal period was 12 days in summer. The first
generation completed development in 46 days but later generations could
complete development in as little as 33 days (Morgan and Chamberlin,
1927).
Rearing of the tobacco budworm for life history studies was done
in an open air insectary at Fayetteville, Arkansas, at prevailing summer
temperatures and in a laboratory at room temperature at Baton Rouge,
Louisiana. Larvae were usually reared in glass tubes plugged at one end
with plaster of Paris or in glass vials, 15 by 95 millimeters, inverted
over a sand table. Moistening the plaster of Paris or the sand at regular
intervals served to maintain favorable humidity. Pupation was in sand
in the glass vials or in jelly glasses filled with soil or sand. Adults were
kept in one-gallon, wide-mouthed jars and battery jars for oviposition
studies and were fed honey diluted with water. At Baton Rouge it was
necessary to cage bollworm adults in large cages over cotton plants before
they would mate, but tobacco budworm adults mated readily in one-
gallon jars.
At summer temperatures incubation of tobacco budworm eggs usual-
ly required three days. Larval feeding was completed in two weeks on
favorable hosts and at an average temperature above 82 degrees F. On
unfavorable hosts and at an average temperature below 70 degrees F. the
larval feeding period extended over a seven-week period.
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The period in the soil representing the combined prepupal and
pupal periods varied from 12 to 32 days. During August with an average
temperature in the lower 80s the range was from 12 to 17 days with an
average of 13.2 days for 56 individuals. Longer periods were required for
those pupating in September and October.
The preoviposition period varied from 3 to 22 days; and the ovi-
position period varied from 4 to 27 days.
Comparison with figures published by Isely (1935) shows that the
tobacco budworm requires about the same amount of time for de-
velopment as the bollworm. When the two species were reared simul-
taneously at Baton Rouge the tobacco budworm developed in slightly less
time than the bollworm on cotton but required more time when reared
on corn (Table 2).
TABLE 2—Comparative Rates of Larval Development of the Tobacco Budworm
and Bollworm on Several Hosts. Baton Rouge, Louisiana, 1952.
Host No. larvae No. pupating Days required




Cotton bolls 60 26 39 17.8 14.3
Cotton squares 10 0 3 10.7
Cotton terminals 20 0 13 17.2
Corn ears 50 14 35 16.0 15.2
Corn tassels 10 0 4 13.0
Corn silks 10 0 3 I6.t)
AUalfa 10 0 3 16.0
Hairy vetch foliage 10 1 4 20.0 16.0
Relation of Host Plant to Duration of Larval Feeding Period—Dura-
tion of larval feeding period of the tobacco budworm varied with the
host plant. Larvae completed their development on soybean pods, grain
sorghum heads and cotton bolls in 13 to 14 days. The larval feeding
period required 17 to 21 days on soybean seedlings, soybean foliage, corn
tassels, corn ears in the milk and early dough stage, snap bean, cotton
squares and cotton foliage. Tomato foliage and fruit, alfalfa, and tobacco
leaf buds were poor hosts on which 23 to 30 days were required for
completion of larval development. On such unfavorable hosts survival
was very low. None was reared to maturity on lespedeza and tomato
foliage. Results are given in Table 3.
Cannibalism—The cannibalistic nature of the bollworm is well
known. In these studies it was observed that the tobacco budworm
also became cannibalistic in the third and fourth instars, particularly if
crowded. Observations indicated that the bollworm was, however, more
cannibalistic than the tobacco budworm. A test was conducted to check
the accuracy of this observation. Larvae of both species were reared
TABLE 3-Effect of host plant on duration of larval feeding period and survival






Feeding period in days
Observed Estimated at 82 F.*
Soybean' pods 49 55 82.2 13.0 13.3
Grain sorghum heads 50 30 80.9 15.4 13.7
Cotton bolls 67 33 76.9 21.5 14.0
Soybean seedlings 103 18 83.3 15.3 17.3
Snap beans 63 51 84.7 13.5 17.5
Corn ears 48 35 83.8 15.3 18.0
Soybean foliage 40 20 78.7 23.4 18.4
Cotton squares 1 89 1
9
77.7 25.9 19.4
Tomato fruit 70 2 83.5 21.0 23.2
White clover heads 12 8 83.2 21.0 23.2
Alfalfa foliage 62 3 83.2 24.5 26.3
Tobacco leaf buds 90 3 69.9 48.0 29.8
Lespedeza 50 0
Tomato foliage 20 0
days were arbitrarily allowed for each degree F.
in groups of 10 on cotton foliage and bolls in one-gallon glass jars having
about two inches of moist sand in the bottom. Food was changed as often
as necessary. The test was replicated five times. Of the 50 larvae of each
species included in the test 24 tobacco budwonn and only 3 boUworm
pupated. Subsequently, mass rearing techniques were found highly
satisfactory for maintaining laboratory cultures of the tobacco budworm
but not for the bollworm.
Weight of Pupae—Weight of tobacco budworm pupae reared at
Fayetteville, Arkansas, varied from 88 to 315 milligrams. Thirteen pupae
from larvae fed cotton bolls weighed an average of 212 milligrams
while 8 from soybean foliage averaged 115 milligrams. Pupae from
larvae fed on nine other hosts were intermediate in weight, averaging 144
to 190 milligrams. Variation of pupal weights on any host was greater
than that between hosts. Data are presented in Table 4.
Weight of pupae from larvae fed hairy vetch foliage was compared
to that from larvae fed soybean seedlings at Baton Rouge. A total of 39
TABLE 4—Weight of pupae of the tobacco budworm from larvae fed on various





Cotton bolls 13 315 125 212
Corn ears 5 228 163 189
Snap beans 15 225 143 181
Sorghum heads 15 225 129 178
Soybean pods 27 248 130 177
Cotton squares '22 240 106 173
Cotton foliage 15 194 124 163
Soybean seedlings 9 195 117 157
Corn tassels 5 155 118 144
Soybean foliage 8 137 88 115
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males and 26 females was reared on each host. The heaviest pupa came
from this series, a male fed on soybean seedlings weighing 334 milli-
grams. Pupae from larvae fed soybean seedlings averaged 244 milligrams
and from hairy vetch foliage 214 milligrams.
Males were fully as large as females and possibly slightly larger.
Males were 10 per cent heavier than females in 64 pupae from 4 hosts
at Fayetteville, Arkansas (Table 5). Males were 6 milligrams heavier
than females from hairy vetch and 2 milligrams lighter from soybean
seedlings at Baton Rouge, Louisiana (Table 6).
TABLE 5—Weight of male and female pupae of the tobacco budworm compared.
Fayetteville, Arkansas, 1952.
Host No. pupae Weight of pupae in milligrams
Female Male Female Male
Cotton bolls 5 5 195 238
Cotton squares 5 8 186 190
Soybean pods 13 14 172 183
Sorghum heads 7 7 168 182
TABLE 6-Weight compared of male and female pupae from larvae fed hairy vetch
foliage and soybean seedling. Baton Rouge, Louisiana. 1953.
Host Weight of pupae in milligrams
Male Female
Max. Min. Ave. Max. Min. Ave.
Hairy vetch foliage 260 153 217 248 1 74 211
Soybean seedling 344 200 243 304 200 245
Ovioposition—Oviposition records were obtained from 54 female
moths. Thirty-nine of these laid fertile eggs, averaging 372 eggs each. It
was not uncommon for a moth to deposit both fertile and infertile eggs.
The maximum number of eggs deposited by one moth was 1025. This is
considerably below the maximum reported for the bollworm (Isely, 1935).
Oviposition records and the effect of larval food on fecundity of adults
are presented in Table 7.
Individual moths developing from soybean seedlings, cotton squares,
cotton foliage, soybean pods, corn ears, corn tassels, and grain sorghum
heads deposited over 500 eggs each. Only two fertile females from cotton
bolls and two from soybean foliage were included in this study. Of the
two from cotton bolls, the greatest number of eggs deposited was 265
while the greatest number from soybean foliage was 58.
Fecundity was correlated with size of moths as indicated by weight
of pupae. A higher proportion of the heavier individuals laid fertile
eggs and the number of eggs deposited was greater (Table 8).
Distinguishing Characteristics
Since the bollworm and the tobacco budworm occur in mixed popu-
lations on cotton and since H. subflexa is so remarkably similar to the
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TABLE 7—The effect of larval food on fecundity of tfie tobacco budworm.
Fayetteville, Arkansas, 1952.
Length in days
Host No. No. laying Pieoviposition Oviposition No. eggs
per
females fertile eggs period period female
Min. Max. Ave. Min. Max. Ave. Min. Max. Ave.
Snap bean A* 4 4 / J. o 20 12.3 42 1025 463




12.4 208 802 469.4
seedling B** 1 ] 13 9 83




1 5.5 125 760 442
squares B 5 15 16 15.5 4 6 5.0 22 430 226
Cotton
323.7
foliage A 3 3 5 10 8 7 15 11.3 69 757
Corn ear A 2 2 5 6 5.5 16 19 17.5 420 729 574.5
Corn tassel A 1 1 4 20 702
Soybean pod B 13 9 6 16 9.4 7 27 14 77 741 488
Sorghum
258.5
head 1! 7 6 6 13 9.7 6 14 10.5 55
562
Cotton boll B 5 2 12 5 9 7 194 265 229.5
Soybean
58 48
foliage B 5 2 16 22 19 9 11 10 38
A* Adults from larvae hatched about July 15.
B** Adults from larvae hatched about August 15.
TABLE 8-Correlation of weight of pupae with number of eggs deposited by the
adult. Fayetteville, Arkansas, 1952.
Weight of pupae No. No. Ave. No. Ave. No. eggs
in milligrams female moths fertile moths eggs per moth per fertile moth
200-315 7 6 311 363
150-200 15 8 193 352
90-150 15 8 106 • 199
tobacco budworm, it is desirable to be able to distinguish between all
stages of the three species. Laboratory cultures were established at Baton
Rouge, Louisiana, and all stages were studied for characters by which the
three species could be identified.
Egg_No differences could be found by which the eggs could be
separated and for all practical purposes eggs of the three species may be
considered as being identical in appearance.
Larva—This is the most commonly noticed stage and the one re-
sponsible for crop damage. It is the stage in which need for identification
most often occurs. Larvae of all three species were so similar in the first
two instars that they could not be identified.
The characters which identify the tobacco budworm first appear in
the third instar. At this time the setigerous tubercles, especially the dorsal
pair on abdominal segments one, two and eight, are covered with small
spinules similar to those on the body surface. This character occurs
throughout all subsequent instars. Also a basal process appears on the
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oral face of the mandible. This process is quite small in the third instar
and may be easily overlooked, but it becomes larger and tooth-like in ap-
pearance during the fourth, fifth, and sixth instars. Both of these
characters should be used for identifying larvae.
Characters by which larvae of H. subflexa may be identified appear
in the fourth instar. Microspines appear at this time on the setigerous
tubercles of abdominal segments one, two and eight. Also a basal process
appears on the ventral rib of the oral face of the mandible. This basal
process becomes larger in subsequent instars but does not become toothed
until the sixth instar. Therefore, the differences between the tobacco
budworm and H. subflexa after the third instar are complicated by the
presence of a basal process on the oral face of the mandible and mic-
rospines on the setigerous tubercles of both species. However, H. sub-
flexa has microspines present on only the basal half of the tubercles and
these spinules are shorter and coarser than those of the tobacco budworm
which cover the entire tubercle.
Host specialization was found to be the most convenient means for
separating larvae of H. subflexa from the other two species in this
study. H. subflexa larvae were found only on Physalis spp. Neither the
bollworm nor the tobacco budworm was found on this plant.
Bollworm larvae may be distinguished from the other two species
after the third instar by the absence of microspines on the setigerous
tubercles except that a few may appear around the basal edges in the
fifth and sixth instars. Also the basal mandibular process present in the
other two species never occurs in bollworm larvae. In some larvae of the
bollworm an enlargement occurs about midway of the first ventral-ridge
but never a basal process as in the other species.
Taxonomic characters for distinguishing between larvae of the
three species of Heliothis are illustrated in Figures 1 through 24.*
Key to Larvae After Third Instar
1. Spinules absent on setigerous tubercles except for a few along basal margin in fifth
and sixth instars. Oral face of mandible without a basal process . .. H. armigera
(bollworm)
2. Spinules present on setigerous tubercles. Basal process on oral face of mandible
3
3. Relatively long, slender spinules covering the entire surface of the setigerous
tubercles H. virescens (tobacco budworm)
4. Relatively short, coarse spinules covering only basal half of setigerous tubercles.
Found only on Physalis spp H. subflexa
Pupa—No characters by which the three species could be separated
were noted in this stage. The pupae of the bollworm are generally
larger than those of the other two species.
Photographs by H. Bruce Boudreaux, Louisiana State University.
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Adult—The adult of the bollworm is readily distinguished from the
other two si^ecies. It is larger and the color varies from a light brown with
a greenish cast in the male to a deep reddish brown in the female. The
male can be distinguished from the female by the lighter color and green-
ish cast as described by Smith and Allen (1928).
Adults of the tobacco budworm and H. subflexn have the same olive
green color with three oblique white lines across the front wings which
distinguishes them from the bollworm. However, these two species are
remarkably similar in appearance. Both external and internal differences
for separating the two were described by McElvare (1941), who reestab-
lished the validity of H. subflexa as a species. According to McElvare,
H. subflexa differs externally from the tobacco budworm by the absence
of a band on the hind wings wlnich are immaculate.
Beginning in the spring of 1952 moths reared in the laboratory were
examined for the presence of a band on the hind wings. Over 200
Heliothis moths other than the bollworm were reared from eggs and
small larvae collected fiom cotton in the field. All specimens of both
sexes had a band of varying width and color on the hind wings. From this
study it appeared that H. subflexa did not attack cotton, and McElvare's
description of a colored band on the hind wings of both sexes of the
tobacco budworm was confirmed.
Later, larvae were collected from Physalis sp. and reared to adults.
As the adults emerged it was noted that only the males had an immacu-
late hind wing. Females from larvae collected from this host had a
band on the hind wings similar to that of the tobacco budworm. Fifty-six
males from larvae collected from Pliysalis sp. had immaculate hind wings
and 46 females each had a band on the hind wings. These adults from
Physalis mated readily and produced fertile eggs from which typical H.
subflexa larvae developed. Attempts to cross this stock with the tobacco
budworm were unsuccessful. Mating was never observed, nor were fertile
eggs produced. This is considered ample evidence that the stock from
Physalis sp. was H. subflexa and that the presence of an immaculate
hind wing identifies a specimen as a male of this species.
Genitalia of both species were dissected and mounted on slides for
studying according to the methods described by Clarke (1941). Results
were in general agreement with those reported by McElvare (1941) with
only one minor difference. He reported that hair tufts were not present
on the eighth abdominal segment of the male tobacco budworm and that
H. subflexa males had long hair tufts on each side of the anterior end of
this segment. Tobacco budworm males examined in this study had hair
tufts present but they were located on the posterior end of the eighth
abdominal segment.
17
Fig. 1.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of sec-
ond instar H. armigera
showing no spinules.
Fig. 2.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of sec-
ond instar H. virescens
showing no spinules.
Fig. 3.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of sec-
ond instar H. subjlexa
showing no spinules.
Fig. 4.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of third
instar H. armigera
showing no spinules.
Fig. 5.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of third
instar H. virescens
showing spinules.
Fig. 6.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of third
instar H. subflexa
showing no spinules.
Fig. 7.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of fourth
instar H. armigera
showing no spinules.
Fig. 8.—Dorsal setigerous tu-
bercles of first abdomi-
nal segment of fourth
instar H. virescens
sho^ving spinules.
Fig. 9.—Dorsal setigerous tu-
bercles of first abdomi-




Fig. 10.—Dorsal setigerous tu-
bercles of first abdomi- t
nal segment of fifth .
'' instar H. armigern , >,
showing scattered spi- », ^ » '4^^
miles around base. ^ ^
4 . *
I
Fig. 11.—Dorsal setigerous tu-
bercles of first abdomi-




Fig. 12.—Dorsal setigerous tu-
bercles of first abdomi-





Fig. 13.—Oral view left man-
dible third instar H.
armigera showing no
basal process.
Fig. 14.—Oral view left man-
dible third instar H.
virescens showing be-
ginning of basal pro-
cess.












Fig. 18.—Oral view left man-
dible fourth instar H-
subflexa showing be-
ginning of basal pro-
cess.




Fig. 20.—Oral view left man-













Fig. 23.-Oral view left man-
dible sixth instar H.
virescens sho-sving ful-
ly developed basal pro-
FiG. 24.—Oral view left man-





As McElvare (1941) pointed out. males of the two species can be
easily identified by the fact that the harpes of the tobacco budworm
are longer and broader than those of H. siibjlexa, thick tufts of hairs
arising from the base of the harpes extend past their tips compared to
shorter and sparser hair tufts which arise from several locations along the
harpes in H. subjlexa, and the base of the vinculum is broadly rounded
compared to that in H. subjlexa which has a narrow extension ending
in a sharp point.
Differences in the ductus bursae of the two species were considered
to be satisfactory by McElvare (1941) for distinguishing between the
females. Specimens examined in this study showed that the membranous
portion of the ductus bursae anterior to the ostium was generally broad-
er and shorter in H. subjlexa than in the tobacco budworm but this
character was so variable it is considered of doubtful taxonomic value.
Taxonomic characters for distinguishing between adults of the three
species of Heliothis are illustrated in Figures 25 through 29.*
Fig. 25.—Adult specimens of H. armigera; male above; female below.
Photographs by H. Bruce Boudreaux, Louisiana State University.
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Fig. 26.—Adult .specimens of H. virescens; male above; female below.
Discussion of Taxonomic Differences Between the Three Species—
A study of the eggs of the three species showed no differences of taxo-
nomic value.
Reliable differences for identification were found in the larval
stages. The differences were in agreement for those described by Crumb
(1926) between mandible and microspines on the setigerous tubercles of
the tobacco budworm and the bollworm. The description of microspines
on the setigerous tubercles of H. subflexa given by Peterson (1948),
who considered it to be a sub-species of the tobacco budworm, was sub-
stantiated. However, his description of the basal process on the mandible
appears to be of the fourth instar since it was not toothed. As pointed out
above, the mandibular process of this species becomes toothed in later in-
stars and is practically identical with that of the tobacco budworm (Fig-
ures 23 and 24). Differences in tubercle pattern surrounding abdominal
spiracles as described by McElvare (1941) for the tobacco budworm and
H. subflexa were not consistent for the specimens studied. From these
studies differences between the spiracles of the larva do not appear to be
of reliable taxonomic value.
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Fig. 27.—Adult specimens of H. subflexa; male above; female below.
IS.— Lett: Male genitalia of H. ciiciccns showing hair tufts on posterior end of
eighth abdominal segment and heavy hair pencils arising from base of harpes.
Right: Male genitalia of H. subflexa showing hair tufts on anterior end of eighth
abdominal segment and sparse hairs arising along harpes.
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Fig. 29—Left: Male genitalia showing large harpes and bluntly rounded vinculum in
H. virescens. Right: Smaller harjaes and pointed vinculum in //. subflexa.
Adults were found to have reliable distinguishing characters except
for the females of the tobacco budworm and H. subflexa. The absence
of oblique bands of color on the front wings of the bollworm eliminates
the possibility of confusing this species with the other two (Figure 25).
However, the adults of the tobacco budworm and H. subflexa are very
similar. McElvare (1941) described H. subflexa as differing from the
tobacco budworm by having immaculate hind wings. This was found
to be the case in the male only. The hind wings of the female have a band
just as do both sexes of the tobacco budworm (Figure 27). Results of
this study were in general agreement with his description of differences
in female genitalia but these differences were found to be too variable
to be relied upon for distinguishing between females of the two species.
Comparisons of male genitalia agreed with differences described by Mc-
Elvare except that hair tufts were found on the posterior end of the
eighth abdominal segment of the tobacco budworm where he reported
none (Figure 28).
Seasonal History
Seasonal history of the bollworm in relation to cotton has been
thoroughly studied by Quaintance and Brues (1905), Bishopp (1929), and
Isely (1935). Quaintance and Brues found that five generations de-
veloped at Paris, Texas, during 1904. Moths of the first generation
emerged April 3 to May 30; the second, June 20 to July 10; the third,
July 18 to August 22; the fourth, August 25 to September 25; and the
fifth, October 1 to October 5. Bishopp (1929) stated that four or five
generations may develop in the South and that the third generation was
the destructive one to cotton. The seasonal history of the bollworm and
relation of hosts to its seasonal abundance in Arkansas has been sum-
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marized by Isely (1935). He reported that larvae could be found from
early in May until killing frosts occurred, sometimes as late as No-
vember.
Comparatively little attention has been given to the tobacco bud-
worm. Chamberlin and Tenhet (1926) found it to be present at Quincy,
Florida, from the first of April until the middle of October, during
which period four broods developed. Barber (1937) compared the sea-
sonal histories of the bollworm and tobacco budworm in eastern Georgia.
He found that the tobacco budworm differed from the bollworm prin-
cipally by the relatively brief period of emergence from hibernation and
short period of entering hibernation. He found emergence from hiberna-
tion and entry into hibernation by the bollworm to take a relatively long
time with hibernating pupae always present in the soil. Hibernating pu-
pae of the tobacco budworm were present in the soil only from the first
of September to the first of May. Therefore the tobacco budworm was
considered more dependent upon a long seasonal distribution of food
plants than was the bollworm.
In the present studies larvae of the bollworm were collected in
Louisiana during every month of the year except January. Apparently
development is continuous, at least at a low level, throughout most
years. Clear-cut generations are not apparent and there are at least five
per year. Availability of suitable hosts and natural control account to a
large extent for variation in abundance of this species. However, definite
peaks in activity are evident for at least the first three generations.
The bollworm was abundant during April and May 1952 in Louisi-
ana on lupine (Hasting's white), crimson clover, white clover and in the
buds of early corn. One larva was collected February 4 from hairy
vetch. Larvae found during April and May are of the first generation.
Corn was the dominant host for larvae of the second generation dur-
ing June and July. Successive plantings of Golden Bantam sweet corn
were made at Baton Rouge at about weekly intervals from February 12
through July 2, 1952. One hundred per cent of the ears from the first
planting were infested. Infestation declined to a low of two per cent for
the May 7 planting and then increased again. The decrease in infesta-
tion for the May 7 planting may be explained by the fact that corn
from this planting was in silk during the time when the majority of the
second generation was in the pupal stage.
After August 1 silking corn was scarce and the bollworm trans-
ferred its attention to cotton, soybean, grain sorghum, alfalfa and other
hosts. In early August there was a heavy flight of bollworm moths into
cotton. Egg deposition was heavy in cotton during the latter half of
August.
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The tobacco budworm shows little activity from late October until
April. Generations appear to be more distinct than is the case with
the
boUworm. Adults were taken at Baton Rouge, Louisiana, in late March
and early April 1953. Larvae were collected in April 1953 from
crimson
clover, lupine (Hasting's white) and snapdragon. During 1952
in
Louisiana the first generation developed largely on crimson clover. They
were abundant on this host in May and scarce or absent on all other
hosts examined. The second generation developed almost entirely on
cotton. Egg populations on cotton were high about July 1, 1952 in
TABLE 9-Population of eggs ol Heliothis spp. in cotton of eastern Arkansas
during 1952.*















No. Per cent having








No. Per cent having
over 5 eggs to
1 00 terminals
995 2 6 39 27.0 77
0
lOiS 4.9 46 68.0 77 0
1035 3.4 46 43.0 77
0
1030 1.2 39 14.0 77
0
1040 4.2 49 8.0 77
0
1020 1.3 53 8.0 77
0
1037 1.2 56 7.0 77
0
1006 4.0 50 16.0 77
0
958 7.2 45 24.0 77
0
874 12.1 43 46.0 77
0




* Figures obtained from records of cotton scouts.
* All fields scouted by A. F. Clary, Federal cotton scout, for 6 counties south of Pine
Bluff. This is the highest average reported by any scout.
»** All fields scouted by John Carter, a commercial scout, in Ashley
County. This represents
the lowest average reported by any scout.
eastern Arkansas (Table 9) and during June in Louisiana. This repre-
sented the seasonal peak of population of the tobacco budworm and was
presumably the second generation. Natural control resulting largely
from predation was so effective in both states that few larvae developed
except in fields which had been previously treated with insecticides.
After the second generation the numbers of tobacco budworm were
so low in 1952 that a definite pattern was not established. There appears
to be four and possibly a fifth generation in Louisiana. Cotton is the
dominant host until late in the season when Jacquemontia tamnifolia
becomes important.
Causes of Outbreaks
Factors responsible for outbreaks of the bollworm have been studied
by a number of investigators. Quaintance and Brues (1905) listed injury
to cotton, by states, in the following order of importance: Texas, Louisi-
ana, Indian Territory, Oklahoma, Mississippi and Arkansas. Injury to
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cotton in Alabama, Georgia, Florida and the Carolinas was considered
as not ordinarily being very extensive. They suggested that the growing of
cotton and corn to the practical exclusion of all other crops in the western
portion of the cotton belt was a prime factor in the greater amount of
damage caused by the bollworm; by contrast, the eastern portion was
highly diversified, having smaller unbroken areas planted to cotton and
large acreages of corn interplanted with cowpeas which served to attract
the moths and prevent them from moving to cotton. They also pointed
out that late planted corn grown for forage and silage in the eastern
states served as a trap crop.
Cloudy and rainy weather during late July and August was found
to be conducive to severe damage from bollworm by Bishopp (1929),
since the soil was moistened allowing more adults to escape from pupal
burrows, plant growth was stimulated, and predator and parasite activity
was depressed. However, Phillips and Barber (1929) found that more
adults were able to emerge from pupal burrows during dry weather.
Reporting on a history of the bollworm in Arkansas since 1911, Isely
(1935) stated that there were records of injury every year during the
25-year period covered in the study, with damage reaching outbreak
proportions extensive enough to cover several counties in at least nine
of these years. He considered a one-crop system as being unfavorable to
the bollworm and stated that a combination of legumes and corn made
a favorable host combination for developing bollworm outbreaks.
In discussing five outbreaks of bollworms in Arkansas during the
period 1925-1940, Lincoln and Isely (1947) stated that four or more
counties were involved in each outbreak and that the cotton crop was al-
most completely destroyed in the center of the outbreak area. Insecticides
were not used before or during these outbreaks. Factors correlated with
the outbreaks were:
1. An acreage of early corn greater than the cotton acreage.
2. Little late-planted corn.
3. Dry weather which shortened the silking period of corn.
Use of calcium arsenate for boll weevil and leafworm control, which
resulted in development of heavy aphid infestations, was considered the
predisposing factor for a scattered outbreak covering 11 counties in 1946.
No serious bollworm damage was noted in fields in which aphid infesta-
tions were not obvious. Unusually large acreages of June-planted corn
which came into silk after this outbreak developed were sufficiently at-
tractive to moths that eggs were laid in corn instead of cotton and the out-
break terminated.
It is established that use of calcium arsenate brings on aj^hid out-
breaks by destroying predators. According to Ewing and Ivy (1943) this
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may be followed by bollworm outbreaks because populations of preda-
tors are reduced; surviving predators feed on the abundant aphids and
ignore bollworm eggs and larvae; and the moths may be attracted into
the fields to feed on the honeydew secreted by the aphids.
Beginning in 1947 BHC came into general use for boll weevil con-
trol. It was soon found that bollworm damage usually occurred following
its use. Use of other chlorinated hydrocarbon insecticides alone, namely
chlordane, aldrin, dieldrin and heptachlor, is followed by bollworm
damage in the same manner as when BHC is used. Since aphid control is
usually excellent with BHC, aphid infestations are not a factor in
development of bollworm outbreaks following its use. To prevent boll-
worm damage where these insecticides are used for boll weevil control it
has been found necessary to mix them with DDT. As pointed out by
Newsom and Smith (1949) these newer insecticides have a more detri-
mental effect on populations of such bollworm predators as Geocoris
punctipes and Oriiis insidiosus than calcium arsenate and nicotine mix-
tures which were formerly used extensively for control of cotton pests.
Use of insecticides for cotton insect control in the two-state area was
low in 1947. During late June and early July moderate numbers of
Heliothis eggs were observed on cotton in northwestern Louisiana and
southwestern Arkansas. A damaging bollworm infestation developed in
a field at Bossier City, Louisiana, which had been previously treated with
a mixture of DDT and BHC for fleahopper control. This was the
earliest damaging infestation on record for cotton in the state. Specimens
were not collected but comparison with the situation in 1952 suggests
that the tobacco budworm was the species involved.
In August and September 1947 there was a bollworm outbreak on
soybeans in northeastern Arkansas, soybeans being apparently more at-
tractive than cotton under the droughty conditions prevailing. At this
same time there was a heavy local outbreak of bollworm on cotton in-
volving about 10,000 acres near Rayville, Louisiana. This outbreak
clearly resulted from biological upset brought on by applications of in-
secticide beginning about July 20. Applications were made by airplane
at irregular intervals and coverage was very poor. Heavy aphid infesta-
tion developed which in turn was followed by severe bollworm injury.
Damage was confined to fields which had received insecticide applica-
tions; untreated fields in the area were not infested.
Insect infestations in cotton were low in Louisiana and Arkansas in
1948 and little insecticide was vised on the crop. No bollworm problem
developed.
Boll weevil infestations were heavy and use of insecticides reached
record highs in both states in 1949 and 1950. In both years local infesta-
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tions of bollworms were frequent. In all cases the outbreaks were the
obvious result of use of insecticides for boll weevil control. Where recom-
mended timing of applications for boll weevil control was followed,
DDT included in mixtures containing BHC or aldrin, and thorough
coverage obtained, the bollworm was not a problem. Bollworm damage
was usually confined to individual fields where aldrin was used without
DDT, early season applications were made without a strict follow-up on
bollworm control, or where applications of insecticides were made at im-
proper intervals or poorly applied.
The bollworm outbreak of 1951 was the most widespread one on
record in Arkansas. The following sequence of events contributed to the
outbreak. A moderate acreage of early-planted corn came up prior to
the May drought. Little corn was planted later and most of it was lost
to weeds in June and July or to drought in August. After silking had
been completed in the latter part of July large numbers of bollworm
moths emerged from early corn. Cotton was the only suitable host avail-
able. As a result a heavy, continuing outbreak of bollworm developed in
cotton from late July until September. The year 1951 differed from a
normal year in the scarcity of host plants other than cotton. This was
emphasized by the fact that large numbers of eggs were often found on
non-succulent cotton which is ordinarily unattractive to bollworm moths.
During this outbreak in 1951 there was a high degree of natural
control of eggs and small larvae by a complex of predators consisting of
ladybeetles, the bigeyed bug Geocoris punctipes, and the insidious flower
bug, Orius insidiosus. The last-named appeared to be especially effective
in Arkansas. Use of insecticides for other pests prior to deposition of boll-
worm eggs was usually followed by damaging infestations unless control
measures were applied. Where no insecticides were used, eggs and small
larvae were often present in numbers sufficient to indicate the necessity of
insecticidal control measures. Infestations were so heavy in Arkansas it is
considered highly probable that the bollworm would have broken
through the barrier of natural control over a wide area if no insecticides
had been used. The results would have been an outbreak like those of the
twenties and thirties. In Louisiana population pressure was lower and
outbreaks were more closely correlated with prior use of insecticides than
in Arkansas.
In 1952 there were two periods of heavy egg deposition, in June
primarily by the tobacco budworm and in late August by the bollworm.
The first was coinpletely eradicated by predatism except in a few fields
where earlier applications of insecticides had been made. The August
population was also subjected to heavy predatism which was usually
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sufficient to suppress inlestations satisfactorily if insecticides
were not
used.
None of tire various factors involved seems adequate to explain boll-
worm outbreaks when taken singly. The most important factors con-
tributing to outbreaks on cotton appear to be the following:
1. Biological upsets resulting from the adverse effect of in-
secticide applications, made for control of other pests, upon
the predators and parasites of the bollworm.
2. A succession of host plants favorable to the development of
large bollworm populations.
3. Weather conditions favorable to bollworm development.
The following types of bollworm outbreaks have been noted in the
nine general and several local outbreaks on record.
1. Natural outbreaks: Heavy populations of moths lay so many
eggs on cotton that predators are overwhelmed. These out-
breaks cover several counties with all fields in the area
being heavily infested. Such outbreaks occur in August and
September and the bollworm is the dominant species. Early
corn is the host on which most of the moths develop.
2. Outbreaks induced by use of insecticides: (1) Heavy aphid
populations brought on by use of insecticides for boll weevil
control, especially calcium arsenate, create conditions favor-
able for bollworm development by furnishing abundant food
for the reduced predator population. Honeydew from aphids
may attract moths to the field. Outbreaks are local and may
be confined to individual fields. These outbreaks also occur
in August and September and the bollworm is the dominant
species.
(2) Outbreaks induced by use of organic insecticides.
Out-
breaks of this type are even more localized in extent than
those brought about by use of calicum arsenate. They are
usually confined to individual fields and may develop from
comparatively small numbers of eggs. The principal cause
appears to be the almost complete eradication of predators
and parasites. When the outbreaks occur early in the fruiting
season the tobacco budworm is usually the dominant species.
Later in the season the bolhvorm is usually more abundant
than the tobacco budworm.
Natural outbreaks of the tobacco budworm on cotton in the United
States appear to be rare. The only authentic record of such an occurrence
is that reported by Folsom (1936) as occurring at Tallulah, Louisiana, in
1934. It is suggested that this results from the fact that the tobacco bud-
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worm has no second generation host comparable to corn for second gen-
eration bollworm and consequently it is unable to develop large popula-
tions of moths. Whether the increasing amount of attention being given
this species since 1949 indicates that it is becoming more important as a
cotton pest, or whether the increasing amount of attention results from
more entomologists having learned to recognize it, cannot be established
at this time. However, two comparatively recent developments which
may result in an increase in importance of this species as a cotton pest
should be mentioned. First, greater acreages of favorable first generation
hosts, especially crimson clover and white clover, are being planted in the
area. Secondly, use of insecticides on cotton early in the season destroys
the predators which normally suppress development of the second genera-
tion. This has allowed cotton to become a favorable second generation
host and where practiced extensively may result in development of large
populations of moths similar to numbers of second generation bollworm
developing on corn.
Insecticidal Control
The report of the Conference of Cotton Entomologists (Third
Memphis Report, 1952) states: "The most effective insecticide for boll-
worm control is DDT. For heavy bollworm infestations it should be ap-
plied at the rate of 1 to 1.5 pounds of the technical material per acre
in a 10 per cent dust or concentrated spray. DDT may be used in mix-
tures with other insecticides when other insects as well as bollworms re-
quire control. It is compatible with lime-free calcium arsenate, but not
with regular calcium arsenate. Bollworms usually are controlled where 0.5
pounds or more of DDT per acre is applied with BHC, aldrin, chlor-
dane, dieldrin, or heptachlor in the regular schedule for boll weevil
control.
"Toxaphene, at the rate of f: to 4 pounds of the technical material
per acre, is the next most effective insecticide against bollworms. This may
be applied as a 20 per cent dust or as a spray. The addition of DDT to
toxaphene dust or spray greatly improves the effectiveness of this insecti-
cide for bollworm control."
Recommendations of the Arkansas Agricultural Extension Service
state: "Damaging outbreaks of bollworm usually occur from the middle
of July through August. Inspect terminal growth for bollworm eggs and
small worms at least once a week, or each time the cotton is scouted for
weevils. Count 100 terminals in a field. If an average of 4 or 5 small
worms, plus additional eggs, are found to 100 terminals, it is usually
time to apply insecticides.
"In fields that have not received any insecticides, treatment may be
delayed a few days to give beneficial insects a chance to destroy an in-
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festation. It was demonstrated in 1952 that beneficial
insects are capable
of controlling heavy outbreaks of bollworms. Careful
scouting is required
to stop an outbreak before it gets through to the larger
squares and bolls.
Larger worms are difficult to control and require heavier applications
of
insecticides.
"Insecticide applications should be made at intervals not to exceed
5 days, and continued until infestations are brought under
control. At
least three applications are usually necessary."
These recommendations were developed from results of field
tests
conducted by entomologists throughout the cotton belt on populations
consisting of the bollworm or mixtures of bollworm and tobacco bud-
worm.
Information on the relative susceptibility of the two species to in-
secticides is unavailable. Therefore, investigations were conducted in
the
laboratory to determine their relative susceptibility to DDT, toxaphene,
and endrin. Field tests were conducted to determine the effectiveness
of
new insecticides and to try to develop measures satisfactory for the control
of large larvae.
Comparative Tests with the Bollworm and the Tobacco Budworm—
Cultures of both species were maintained in the laboratory under condi-
tions of uncontrolled temperature and humidity to supply larvae used in
these tests. Methods described previously were employed.
In order to study contact effect, one milliliter of acetone in which the
desired amount of DDT was dissolved was applied to the bottoms of petri
dishes 100 millimeters in diameter. The cHsh was swirled about to secure
thorough coverage after which the acetone was allowed to evaporate.
Third instar larvae were placed in the treated petri dish and supplied
with food consisting of cotton leaves cut into square centimeter pieces.
Each replicate consisted of three treated dishes with one to four larvae
each.
Four dosages and five or six replications were used. Observations
were made at 12-hour intervals for 48 hours. Per cent kill was calculated
according to Abbott's formula (1925). Results are presented in Table 10.
TABLE 10-Comparison of the susceptibility of the bollworm and tobacco bud-
worm to DDT as a contact insecticide. Baton Rouge, Louisiana, 1952.
Dosage in
Per Cent Control
12 hours 24 hours 36 hours 48 hours
micrograms
per dish Bollworm Budworm Bollworm Budworm Bollworm Budworm
Bollworm Budworm
10 30.0 18.2 84.5 49.0
97.8 68.8 98.0 68.8
20 42.6 15.6 91.7 57.0
95.8 71.6 100.0 77.2
30 46.2 16.0 100.0 54.0
100.0 74.0 100.0 80.2
40 64.8 16.4 98.7 65.2 100.0
81.8 100.0 86.3
Average 45.9 16.6 93.7 56.3 98.4
74.1 99.5 78.1
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Results of these tests showed the bollworm to be much more sus-
ceptible to DDT than the tobacco budworm under the conditions des-
cribed. The difference was highly significant when analyzed statistically.
Toxaphene and endrin were also tested with this technique but both
materials demonstrated fumigation as well as contact effects.
The relative susceptibility of the two species to DDT and toxaphene
as stomach poisons was studied by feeding measured dosages of the in-
secticides to individual larvae by a leaf sandwich technique modified
from that described by Ellisor and Floyd (1938). A dusting chamber
and air pump similar to those described by Gaines and Dean (1949) were
used to apply the insecticides to the leaf sections.
One hundred and seventy-nine bollworm larvae and 214 tobacco bud-
worm larvae were fed individual dosages in this manner. These larvae
were observed until a portion of the sandwich had been consumed, after
which they were placed on fresh food for a 48-hour observation period.
The median lethal dose of DDT, calculated according to methods des-
cribed by Bliss (1938), was 0.2903 milligrams per gram of body weight
for the bollworm and 1.5700 milligrams per gram of body weight for the
tobacco budworm. The difference in median lethal dose for the two
species was highly significant when analyzed statistically.
Toxaphene was equally toxic to both species. The median lethal
dosage for the bollworm was found to be 0.1981 and for the tobacco
budworm 0.2197 milligrams per gram of body weight. Forty-nine boll-
worm larvae and 67 tobacco budworm larvae were used in the test.
Total contact and stomach poison effects were measured by treating
cotton terminals and confining larvae to them in small, screen cages. In-
secticides were applied as dusts by means of a laboratory dusting chamb-
er. Five per cent DDT, BHC-DDT-sulphur mixture (commercial 3-5-40),
and toxaphene-sulphur mixture (commercial 20-40) were compared. Five
fourth ins tar larvae were used in each cage and there were six or eight
replications. Tests were run under conditions of uncontrolled tempera-
ture and humidity existing in the laboratory.
In these small cage tests 5 per cent DDT was significantly more toxic
to the bollworm than to the tobacco budworm. Toxaphene and the BHC-
DDT-sulphur mixture were equally toxic to both species. The BHC-
DDT-sulphur mixture was highly effective and rapid in its action. Toxa-
phene was slow-acting but gave good kill after 48 hours, although not at
24 hours (Table 11).
Field Tests to Control Small Bollworms—Heavy infestations preval-
ent in some areas of both states during 1951 and 1952 allowed field tests
to be made of the effectiveness of various insecticides and mixtures for
control of bollworms on cotton. The bollworm was the dominant species
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TABLE 11-Comparison of the toxicities of DDT (5%), BHC-DDT-sulphur (3-5-40)
and toxaphene-sulphur (20-40) dusts to the bollworm and tobacco
budwoim. Baton Rouge, Louisiana, 1952.
Treatment
Test No. 1
5% DDT at 10 lbs. per acre
5% DDT at 20 lbs. per acre
Test No. 2
5% DDT at 5 lbs. per acre
5% DDT at 10 lbs. per acre
5% DDT at 15 lbs. per acre
Test No. 3
5% DDT at 10 lbs. per acre
40 at 10 lbs. per acre
20-40 at 10 lbs. per acre
Per cent control
24 hours 48 hours
Bollworm Tobacco Bollworm Tobacco
budworm budworm
47.2 17.3 93.3 31.5
85.0 73.3 100.0 93.3
34.4 5.3 69.3
18.1
57.3 31.6 91.8 76.9
71.3 45.6 100.0 91.9
63.3 25.0 100.0 79.0
83.3 86.7 96.7
100.0
33.3 20.0 90.0 82.2
in all the tests conducted. However, the tobacco budworm made up 30
per cent of the population in a test at Monroe, Louisiana, in 1951.
In this test at Monroe a heavy infestation developed during August
in a field of late-planted cotton. Six materials, applied as spray
concen-
trates at the rate of 7 gallons of finished spray per acre with a 6-row power
sprayer, were compared. Six applications were made between August 6
and September 4. Treatments were replicated three tiines in randomized
blocks. Plots were 12 rows wide and of sufficient length to comprise 0.6
acre each. Effectiveness of the materials was determined by counting the
number of injured squares and the number of larvae per 100 squares in
each plot on six dates between August 9 and September 12 and by count-
ing the number of injured bolls per 100 inspected on four dates between
August 23 and September 12. Boll weevil damage was negligible in the
test. Yield was obtained by picking one-tenth of ^in acre area in each plot.
Results are summarized in Table 12.
TABLE 12-Comparison of insecticides for control of Heliothis on cotton. Monroe,
Louisiana, 1951.
Treatment
1. Endrin at 0.14 lb/A
2. Toxaphene at 2.64 lb/A
3. Isodrin at 0.14 lb/
A
4. EPN at 1.21 lb/A
5. Dieldrin at 0.17 lb/A
plus DDT at 0.70 lb/A
6. Heptachlor at 0.22 lb/
A
plus DDT at 0.71 lb/
A
L. D. 0.05
Per cent No. larvae Per cent bolls Yield in
scjuares per 100 injured pounds seed
injured squares cotton per acre
12.10 2.99 15.1 833
12 28 2.48 13.55 970
14.98 2.05 21.48 573
6.03 0.83 10.50 1363
5.82 1.25 '.58 1363
6.83 1.00 8.50 1263
3.05 7.86 176
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Two additional tests in Louisiana and one in Arkansas were con-
ducted in 1952. Six insecticide mixtures were compared for control of an
infestation of boll weevil and bollworm at Bunkie, Louisiana. Neither
the boll weevil nor the bollworm infestation developed beyond moderate
proportions during the season. All materials were applied as spray concen-
trate at the rate of 2 gallons finished spray per acre. Applications were
made by airplane. Nine applications were made between July 19 and
August 28. Treatments were replicated three times in randomized blocks.
Plots were 32 rows wide and of sufficient length to comprise 4 acres
each. Effectiveness of the materials was determined by the methods des-
cribed above. Results are summarized in Table 13.
TABLE 13-Compaiison of insecticides for control of Heliothis on cotton. Bunkie,
Louisiana, 1952.
Treatment
1. Endrin at 0 20 lb/
A
2. Methyl homolog of parathion
at 0.28 )b/A
3. Heptachlor at 0.33 lb/A
plus DDT at 0.67 lb/
A
4. Dieldrin at 0.15 lb/A plus
DDT at 0.53 lb/
A
5. BHC at 0.31 lb. gamma iso-
mer per acre plus DDT at
0.52 lb/A
6. Toxaphene at 2.0 lb/A*
L. D. 0.05



















*DDT added at rate of 0.50 lb. per acre in last application.
A similar test in which six insecticide mixtures were compared for
control of a mixed boll weevil and bollworm infestation was conducted at
Shreveport, Louisiana. Treatments were replicated five times in random-
ized blocks. All materials were applied as concentrated sprays. Applica-
tion was by airplane at the rate of 2 gallons of total spray mixture per
acre in three replicates and by a 6-row, tractor-mounted ground sprayer at
the rate of 3 gallons of spray mixture per acre in two replicates. Plots
were 20 rows wide and of sufficient length to comprise 1 to 1.6 acres in
the three replicates treated by airplane and 12 rows wide and of sufficient
length to comprise 2 acres in the two replicates treated by ground equip-
ment. One replicate received 1 1 applications between July 8 and August
23; two replicates received 8 applications between July 14 and August 16;
and two replicates received 4 applications between August 14 and August
30. A moderate boll weevil infestation developed in three of the replicates
but was negligible in the other two; heavy bollworm infestations devel-
oped in all replicates. Results of this test are summarized in Table 14.
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TABLE 14-Comparison of insecticides for control of Heliothis on cotton. Shreve-
port, Louisiana, 1952.
Per cent squares Per cent bolls Yield in lbs.
Treatment injured by boll weevil injured by
seed cotton
bollworm per acre
I. Endrin at 0.20 lb/
A
12.88 4.76 2175
2. Methyl homolog of parathion
2002
at 0.25 lb/A 20.26 13.56
3. Heptachlor at 0.25 lb /A plus
DDT at 0.50 lb/A* 7.68 3.32 2343
4. Dieldrin at 0.13 lb/A plus
DDT at 0.50 lb. per A* 23738.16 3.30
5. BHC at 0.30 lb. gamma iso-
2250
mer/A plus DDT at 0.50 lb/
A







•Applied without DDT until first week of August.
Results of these tests showed that DDT, toxaphene and endrin were
effective insecticides for control of bollworm.
Under conditions of severe bollworm infestation at Monroe in 1951,
it was necessary to increase the rate of application of DDT m the in-
secticide mixtmes to 0.7 pound technical to obtain satisfactory control.
In this same test EPN at the rate of 1.21 pounds technical gave control
equal to DDT. Endrin failed to satisfactorily control the mixed infesta-
tion when applied at the rate of 0.14 pound technical material per acre.
Toxaphene was not as effective as DDT and EPN.
At both locations in 1952 DDT at 0.5 to 0.67 pound per acre and en-
drin at 0.2 pound per acre gave control of moderate to heavy bollworm in-
festations. Toxaphene was less effective. The methyl homolog of para-
thion failed to satisfactorily control bollworm in both tests and was also
inferior for boll weevil control.
In a test at Marianna, Arkansas, drouth damage was so severe that
the performance of the insecticides tested had to be based on damage to
squares only. Under conditions of a moderate infestation and using
square damage as the criterion of effectiveness, the following treatments
gave good control:
DDT at 0.5 pound per acre as a spray or dust when mixed with
heptachlor, BHC, methyl homolog of parathion, or dieldrin.
Toxaphene spray or dust at 2 pounds actual toxaphene per acre.
EPN spray at 0.5 pound actual EPN per acre.
Dieldrin dust, 5%, at 0.5 pound actual dieldrin per acre.
Endrin spray at 0.25 pound actual endrin per acre.
Inferior control was obtained with calcium arsenate at 8-10 pounds
per acre, with 2V2 per cent dieldrin dust to give 0.25 pound dieldrin per
acre, with an organic arsenical compound at 0.5 pound per acre, with
sodium fluosilicate at 2.5 pounds per acre, and with aldrin-DDT dust.
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The aldria-DDT dust is equivalent to several effective mixtures of DDT
with other insecticides and no explanation is available to account for its
failure to perform satisfactorily.
Control of Large Bollworms—In order to give natural control agents
full opportunity to control infestations it would be desirable to delay
beginning of insecticide applications until bollworm larvae are partly
grown. Such a procedure would make determination of infestation levels
and timing of insecticide applications much easier for the grower. How-
ever, such a delay in application is not practical because of difficulties of
controlling large larvae with insecticides and methods of application
now available.
Lincoln and Williams (1952) reported results of three experiments
in Arkansas in 1951 designed to explore the possibilities of "knocking
out" established infestations of large bollworms. In these studies the
most effective control was obtained with 10 per cent DDT dust applied
at the rate of approximately 20 pounds per acre. This treatment gave an
average of 57 per cent control in three experiments, which was considered
to be unsatisfactory.
Three tests were conducted on control of large bollworm larvae in
Arkansas in 1952. The first test was conducted on cotton about five feet
high with tangled, interlocking branches. Plots were 1/10 acre in size
and unreplicated. Insecticides were applied September 6 and 7 using
hand-crank dusters and a conventional low-gallonage sprayer with three
nozzles per row. Effectiveness of the insecticides was determined by exam-
ining entire plants for larvae. A crew of three or seven men worked in
each plot for 30 minutes. Counts were made September 10. Results are
summarized in Table 15.
TABLE 15- Comparison of the effectiveness of insecticides for control of large boll-
uorm larvae. Jackson County, Arkansas, 1952.
Number larvae found
Newly-hatched Late first Third and sub-
Treatment and second sequent instars
instar
1. 50% DUX dust at 15 lbs. per acre 2 1 0
2. Endrin spray at 1.2 lbs. per acre 2* 0* 6*
3. 3-10-40 dust at 50 lbs. per acre 2* 4* 6*
4. EPN spray at 1 lb. per acre 4* 0* IQ*
5. 15% toxapliene plus 5% DDT at
37 lbs. per acre 14* 2* 10*
6. 15% toxaphene plus 5% DDT
at 25 lbs. per acre 1
1
1 3
7. 3-10-40 dust at 27 lbs. per acre 15 3 7
8. DDT spray at 2 lbs. per acre 8 7 7
9. 2% isodriii dust at 20 lbs. per acre 21 5 4
10. Check 20* 56* 42*
* Plots counted by three men and figures given are twice the number actually found in
order to make them more nearly comparable to those obtained by seven men.
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The second test was conducted on cotton two to five feet liigli in a
field having a poor stand. Plots were 1/12 acre in size. Insecticides were
applied September 7 with hand-crank dusters. Treatments were repli-
cated twice in randomized blocks. Two men counted all the larvae that
could be found in a period of 20 minutes in each plot. Counts were made
September 10. Most of the larvae found were in the third or later instars.
Results are given in Table 16.
TABLE 16—Comparison of the eliectiveness of insecticides for control of large
bollworm larvae. Poinsett County, Arkansas, 1952.
Number larvae found
Treatment
Replicate 1 Replicate 2 Total
1. 3-10-40 dust at 25 lbs. per acre* 0 4 4
2. 3-10-40 dust at 20 lbs. per acre 6 3 9
3. 3-10-40 dust at 10 lbs. per acre 4 4 8
'
4. 15% toxaphene plus 5% DDT at 20
lbs. per acre 2 7 9'
5. 2% isodrin dust at 20 lbs. per acre 9 9 18
6. Check 14
*Two spouts per row for more thorough coverage.
In the third test 3-10-40 dust was applied by airplane with the swaths
at right angles to the rows. Application was made September 18. The in-
secticide was applied at two rates, 15-20 pounds per acre and 30-40 pounds
per acre. EfEectiveness of treatments was determined by counting 240
forms (squares, blooms and young bolls) in each treatment and check
September 22. In making these counts five forms were examined on each
row for 48 rows while following the dusted swath. The larvae found were
in the third or later instars. Results are given in Table 17.
TABLE 17—Comparison of 3-10-40 dust at two rates of application for control of
large bollworm larvae. Lincoln County, Arkansas, 1952.
Treatment Number of larvae found
1. Check 48
2. 3-10-40 dust at 15-20 pounds per acre 24
3. 3-10-40 dust at 30-40 pounds per acre 2
Results of these tests show that the effectiveness of DDT for control
of large bollworm larvae was correlated with rate of application. Control
improved as dosages were raised to seven pounds actual DDT per acre.
At commercial rates of application, 1 to 2 pounds per acre, control
ranged from 50 to 80 per cent. A mixture of 15 per cent toxaphene and 5
per cent DDT was equal to 10 per cent DDT dust. Endrin gave outstand-
ingly effective results in the one test where it was included. Applied as a
spray at the rate of 0.5 pound per acre, it was superior to DDT at 2
pounds per acre applied in the same manner. In fact, it was as effective
as 5 to 7 pounds of actual DDT per acre applied as a dust. EPN at the
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rate ol 1 pound of the technical material per acre gave good results in one
trial, ranking above all treatments except endrin and high dosages of
DDT. Isodrin was the poorest material tested, a 2 per cent dust applied
at the rate of 20 pounds per acre ranking last in two tests. Results of
these tests offer further proof of the difficulty of controlling bollworm
larvae after they have reached the third or later instars.
Summary
The bollworm, Heliothis armigera (Hbn.), and the tobacco bud-
worm, H. virescens (F.), cause similar injury to cotton. Adults of these two
species can be readily distinguished. The color in bollworm adults
varies from a light brown with a greenish cast in the male to a deep
reddish-brown in the female. Forewings of the tobacco budworm are
olive green in color with three oblique white lines. The adults are gen-
erally smaller than the bollworm.
Larvae of the two species are remarkably similiar in appearance. No
characteis have been discovered by which first and second instar larvae
can be separated, but in the third instar microspines appear on the
setigerous tubercles of abdominal segments one, two and eight and a
basal process aj^pears on the mandibles of the tobacco budworm which
differentiates it from the bollworm. Larvae of the bollworm possess
neither of these characters except in some cases in late instar larvae a few
microspines may appear at the base of setigerous tubercles.
A third spcies, H. subflexa, is very similar to the tobacco budworm in
appearance. Males of the two s^secies differ by the presence of a border
on the hind wings of the tobacco budworm whereas the hind wings of
male H. siibflexa are immaculate. Females of the two species are prac-
tically identical. Characteristic differences in internal genitalia of the
two species are illustrated. Larvae of H. subflexa may be distinguished
from those of the tobacco budworm by the distribiuion of the miscrospines
on the setigerous tubercles which are limited to the basal half. This
species was collected only from ground cherry, PhysaJis sp., and appears to
be of no economic importance.
Life history studies showed the tobacco budworm to have a life
cycle of 32 days when reared on a favorable host such as cotton at a
temperature of about 82 degrees F. Time required for completion of the
different stages was as follows: Incubation period, 3 days; larval feeding
period, 13 days; combined pre-pupal and pupal period, 13 days; and
preoviposition period, 3 days. At low temperatures more time was re-
quired for development. Unfavorable hosts lengthened the larval feeding
period. These results are closely comparable to published data for the
bollworm. When reared simultaneously tobacco budworm larvae de-
veloped more rapidly on cotton bolls than did bollworm larvae.
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The maximum oviposidon period was 27 days and the maximum
number of eggs deposited by one individual was 1025 for the tobaccc
budworm. The number of eggs laid was very variable and was influenced
by temperature and larval hosts. The number of eggs deposited by an
individual was directly correlated with size as measured by pupal weight.
The bollworm usually has five generations each year with a con-
siderable amount of overlapping between generations. During years with
mild winters larvae of this species are present throughout the year in
Louisiana. It has a wide variety of hosts. The first generation develops
on winter legumes and in the buds of corn. The second depends on corn
ears, and a great build-up in population usually occurs during this
generation. Third and fourth generations prefer late corn as a host but,
in its absence, attack a variety of crop plants, particularly cotton,
sorghum, soybeans and alfalfa.
The tobacco budworm appears to have four and a partial fifth gene-
ration with less overlapping of generations than in the bollworm. Its
host range among cultivated crops is also more restricted. The first genera-
tion develops on winter legumes. Crimson clover is a favorable first
generation host for this species and appears to be responsible for the
build-up of comparatively large populations. The second, third and
fourth generations are largely dependent on cotton, although occasional
individuals are found on a variety of wild and cultivated plants. The
peak of abundance on cotton occurs during June and early July. Heavy
populations sometimes occur in Louisiana during late September and
early October on second-growth cotton foliage. Jacquemontia tamnifolia
is an important wild host late in the season.
Although the tobacco budworm was found to have a restricted range
of cultivated hosts in the field, it developed satisfactorily on a variety
of such plants in the laboratory. For example, corn in the early dough
stage and sorghum heads were found to be excellent laboratory hosts but
the tobacco budworm was never collected from them in the field.
The most striking difference in the seasonal development of the
bollworm and tobacco budworm occurs during the second generation
when corn supplies the bollworm with an excellent host for building up
tremendous populations. The tobacco budworm does not attack corn
and is subjected to such heavy predatisra on cotton that large populations
do not normally develop.
A large acreage of early corn and little late corn is an important
factor which creates conditions favorable to general outbreaks of the
bollworm in late summer. Drouth, resulting in adverse growing condi-
tions for other hosts, may force comparatively more moths to deposit
eggs on cotton than would occur under normal conditions. Use of in-
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secticides also creates conditions favorable for bollworm outbreaks by
decimating the predator population and sometimes by causing a build-
up in aphid population which competes with bollworm eggs and larvae
as a source of food for the predator complex. More general use of insecti-
cides and a shift to synthetic organic insecticides that are more destructive
to the predator population have contributed to the increasing importance
of the bollworm as a cotton pest in recent years. Outbreaks of the tobacco
budworm appear to be almost entirely induced by use of insecticides
resulting in biological upsets.
Laboratory insecticide tests showed the tobacco budworm to be less
susceptible than the bollworm to DDT. Both species were equally sus-
ceptible to toxaphene.
Results of field tests timed to control hatching larvae showed DDT
to be the most effective proven insecticide for control of the bollworm.
It was effective at 0.5 to 1.5 pounds actual DDT to the acre per applica-
tion depending on severity of infestation and interval between applica-
tions. DDT was effective as dusts or concentrate sprays applied by either
ground or aerial equipment. Uniform coverage of terminal growth was
fovuid to be essential for effective control.
Toxaphene at the rate of 2 pounds or more actual toxaphene to the
acre was effective but less so than DDT. Endrin at dosages of 0.2 pound
or more to the acre gave excellent results. This comparatively new in-
secticide shows much promise for the control of Heliothis species.
Bollworm larvae in the third and subsequent instars were found to
be very difficult to control. Applications should always be timed to con-
trol small larvae. As an emergency treatment for the control of large
larvae applications of DDT at the rate of 5 to 7 pounds per acre or
endrin at 0.5 pound per acre were effective.
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